Abstract The Marsh Grassbird Locustella pryeri is an uncommon songbird endemic to East Asia. Suitable nestsite selection can minimize nest loss, especially for opencup and ground nesting passerines. We located and monitored 66 Marsh Grassbird nests during [2004][2005][2006] in Zhalong National Nature Reserve, northeast China, to identify characteristics of preferred nest sites. Marsh Grassbird nested mainly at sites with dense vegetation cover, high undergrowth and dry standing reed stalks, as well as small shallow ponds or rivers. Nests were more successful when they were placed higher above ground in patches with greater litter thickness. Predation and flooding were the leading causes of nest failure, accounting for at least 33 and 25 % of 24 nests lost, respectively. We advocate retention of some unharvested reed patches and implementation of irrigation strategies that avoid increasing water levels during the breeding period (May-July) of Marsh Grassbirds.
Introduction
Endemic to East Asia, the Marsh Grassbird Locustella pryeri is strongly associated with wetlands with emergent vegetation (Zheng 1987) . Its current status is Near Threatened (BirdLife International 2012). There are two subspecies: the nominate L. p. pryeri breeds in Japan whereas L. p. sinensis breeds in northeast China and possibly in neighboring parts of Russia and Mongolia (BirdLife International 2001) . Information on its population status in China was limited until recently. About 20-25 males were recorded at Zhalong National Nature Reserve, Heilongjiang Province, in June 1987 (Shigeta 1991; BirdLife International 2001) . counted 15 birds at Shuangtaihekou National Nature Reserve, Liaoning Province, in June 1993 and estimated a maximum of 60 breeding birds in the reserve. In 2007, 5000 breeding pairs occurred in the south part of Poyang lake (He et al. 2008 ). Their population in Japan was estimated at 1000 individuals in the 1990s Ueta 1994, Nakamichi and Ueda 2003) .
Although Zhalong National Nature Reserve is an important breeding site for Marsh Grassbird in China, the reserve was designated for and managed primarily to protect endangered Red-crowned Cranes (Grus japonensis) and other large waterbirds, with little attention given to Marsh Grassbirds or other small passerines. Indeed, in China, there are virtually no conservation actions undertaken for rare passerines (Zhao et al. 2005) , including assessments of nest site quality and protection from nest predators.
Nest predation limits avian fitness, so birds should prefer nest sites that minimize nest loss (Forstmeier and Weiss 2004; Hudson and Bollinger 2013; Latif et al. 2012; Schaefer et al. 2005) . Therefore, nest site selection is a critical part of bird breeding ecology, especially for opencup and ground nesting passerines. Managers must have knowledge of the relationship between nest site selection and nest success before undertaking habitat management and conservation. To assist in these management decisions, we compared characteristics of nest sites with those of random points. Then evaluated which habitat features were related to breeding success of Marsh Grassbird at Zhalong National Nature Reserve.
Materials and methods

Study site
Zhalong National Nature Reserve (123847 0 -124837 0 E, 46852 0 -47832 0 N, total area 2100 km 2 ), located in western Heilongjiang Province, northeast China, was established in 1985. The reserve is mostly dominated by reed marsh, other common plants including Cattail (Typha orientalis Presl), Scirpus planiculmis, and Scirpus validus. The reserve was established to protect cranes, particularly Redcrowned Crane, as well as other bigger waterbirds and the wetlands. In the reserve, there are many tributaries and ponds with emergent vegetation (i.e., reeds) along the edges. Many reservoirs, dikes and canals were constructed in and around the reserve over the past decades to meet increasing demands for crop irrigation and the growing human population. Water shortages and droughts have made the wetlands of Zhalong susceptible to fire, with large fires occurring in 2001, 2002, and 2005 .
Based on yearly bird surveys in Zhalong, we found Marsh Grassbird only at Laomachang and Mantougang. We studied Marsh Grassbirds at these two sites (Fig. 1) . Both sites are located near the center of the reserve and are difficult to access because of the absence of paths, especially in the rainy season. Most of the reed marshes were managed by the Lindian Reed Company (Heilongjiang, Daqing). Local people who lived in the refuge have contracted with the reed company and own plots of reed mash, so they subsist on reed harvest, cattle raising, and fishing.
Nest searches and observation
During the breeding season, male Marsh Grassbirds frequently sing and perform flight displays to defend their territories. The track of the display-flight is almost vertical and the height ranges from 4 to 10 m. These flight displays and songs helped us locate breeding areas.
Nests (Fig. 2) were located in Laomachang and Mantougang during the 2004-2006 breeding seasons by observing adults building nests or feeding nestlings. Locations were documented with GPS to facilitate their relocation every 2-3 days. To avoid trampling the vegetation near nests we observed the nests from a distance of at least 1 meter during nest visits because damage to vegetation within a 1 m radius of nests might have attracted predators. Nest predation was determined either by the disappearance of the clutch or of nestlings prior to their anticipated date of fledging (Neto 2006 ). Otherwise we recorded the nest as successful. 
Nest-site habitat variables
We measured nest site characteristics, including total vegetation cover, water depth, maximum height and cover of the upper dry reed layer (referred to as upper growth), maximum height and cover of undergrowth (mostly Carex spp. and Scirpus spp.), and height of thatch (maximum height of broken, dead vegetation) within a 1 m radius of nests shortly after fledging or failure. Vegetation cover was estimated visually in the field, from above, in classes of 10 %. Human disturbance was recorded as the distance (m) to the nearest potential disturbance source, such as dirt road, boat channel, fishing hut, or fishing net and was measured with GPS. The maximum height of the reeds that had grown in the previous year, rather than the current year's growth, was measured to eliminate the influence of vegetation growth during the season. Random points were also assessed at the breeding sites, and these did not overlap with the nest site samples (within a 1 m radius of nests). Within Marsh Grassbird nesting areas, a researcher tossed a stone over his shoulder and where it landed we recorded the same variables as for nest sites. 72 random points were measured at the two breeding areas during the nesting season of May to August 2004 August -2006 Nest measurements included inner and outer diameter, outer depth, depth of the cup, and nest height (the vertical distance from the upper rim of the nest to the ground).
Data analysis
Mann-Whitney U test was applied to compare the continuous variables, and Chi squared test was applied to discrete variables. A stepwise logistic regression was used to identify the most important features that distinguish nest sites from random points. The log-likelihood of the final model was compared with the null model that only included the constant with a Chi squared test. To identity habitat variables associated with breeding success, the same statistical procedure was applied to successful nests and failed nests. All statistical analyses were performed with SPSS 13.0.
Results and discussion
We located 66 Marsh Grassbird nests, all of which were located in marshes dominated by reeds with Carex spp. Despite Zhalong's large areas of reed marsh, Marsh Grassbirds were highly localized with Mantougang and Laomachang, the only two areas of Zhalong with similar vegetation conditions. In reed beds, Marsh Grassbird nests were found in reed patches on small, shallow water ponds. Nests were not found in areas that had been completely mowed or burned during the previous year. Nest sites were more likely to be found in areas with greater total vegetation cover, greater dry reed height, and greater litter thickness (v 2 3 ¼ 114:56; p \ 0:01). This model correctly classified 90.6 % of the nests. The results of the Mann-Whitney and Chi squared tests confirmed the logistic regression results. Dense vegetation cover, high undergrowth, and dry reed height, as well as thick litter, were significantly different between nest-sites and random points (Table 1) . Birds chose nest sites with denser vegetation cover and higher dry reed undergrowth and thicker litter which was similar to Marsh Grassbird nest sites in Japan (Kanai and Ueta 1994; Nagata and Kanai 1994; Li and Wang 2006) . The highest nesting densities of Mash Grassbird were associated with high densities of sedges in reed beds (Kanai and Ueta 1994; Nagata and Kanai 1994; Li and Wang 2006) , where reeds and sedges had reached a given height (Kanai and Ueta 1994; Nishide 1994) . As a similar species, Savi's Warblers Locustella luscinioides also preferred sites dominated by tall grass with total vegetation cover, litter thickness, habitat type, undergrowth height and undergrowth cover all greater at nest-sites (Neto 2006) . Scattered, dry reed patches were critical to nest sites of Marsh Grassbirds in China and Japan (Li and Wang 2006; Nishide 1982) . First, nests were made mostly of dry reed leaves. Second, most nests were tangled in the stems of dry reeds; reed stems provided support for the nests and were much stronger than Scripus spp. Carex spp. and other grasses at nesting sites. Third, dry reeds were used frequently as perches or song posts by males (Kanai and Ueta 1994) . Because dry reed was important for breeding Marsh Grassbird, we recommend that reeds at Zhalong National Nature Reserve should not be entirely mowed but harvested in a patchy mosaic at the breeding sites. Predation (8 nests, 33 %, Fig. 3 ) and flooding (6 nests, 25 %, Fig. 4 ) accounted for most of the 24 failed nests. Other reasons were abandonment, nests being trampled by cattle and unknown. Litter thickness was greater at successful nests (p \ 0.01, Table 2 ). Nest height and litter thickness (v 2 2 ¼ 14:53; p ¼ 0:01) significantly improved the null model for nest success in a stepwise logistic regression, correctly classifying 68.2 % of the cases.
Nest-site characteristics are strongly related to breeding success in birds (Batary and Baldi 2005; Schiegg et al. 2007) . Reasons for failed Marsh Grassbird nests included nest predation, flooding, and trampling by cattle. Successful Marsh Grassbird nests were characterized by greater litter thickness and greater nest height. Predation was the leading factor for nest loss. Great Reed Warbler Acrocephalus arundinaceus is a common reed bed bird for which greater nest cover significantly increased the survival of both real and artificial nests, but only during the middle of the breeding season (Batary and Baldi 2005) . Nests of Great Reed Warbler in reeds in shallow water reduced the predation risk in comparison with nests on land (Graveland 1999) . Reed harvest was found to be positively correlated with nest predation of Grasshopper Warbler Locustella naevia (Ejsmond 2008) . Dense vegetation around the nest of several grassbirds can provide shelter from predation on birds nesting in grassland. In the Zhalong wetlands, reed clear-cutting has destroyed most suitable breeding sites for Mash Grassbird. Before 2002, reeds harvested by the Lindian Reed Company were intended mainly for paper mills and the company collected only tall and strong reeds, leaving short reeds and some small patches of tall reeds intact. However, the marshland was later divided among individual family management units. These local families mowed reeds more extensively and intensively, selling tall reeds to paper mills and burning short reeds as fuel, thereby reducing habitat suitability for Marsh Grassbirds in the nature reserve.
Fire did not destroy any nest directly, but it burned dry reeds that were a crucial component of breeding habitat for Mash Grassbird. There were three large scale fires, mainly due to drought, in Zhalong wetlands in August-December 2001 (210 km 2 ), March 2002 (42 km 2 ), and May 2005 (4 km 2 ). We assume that the fires had serious negative Undergrowth cover (%) 36.9 ± 14.5 34.5 ± 17.4 -0.5 0.606
Litter thickness (cm) 40.9 ± 12.5 20.8 ± 5.3 -4.8 \0.001 Fig. 3 The nest after predation Other studies also reported that predation was one of the most common causes of nest failure (Allen and Peters 2012; Massaro et al. 2013; Fondell and Ball 2004) . Nests located at sites with thicker litter may be better protected from predators because the thicker litter limits predator access to the nest and provides increased visual obstruction (Fondell and Ball 2004; Neto 2006) . Nest height also influenced predation (Kearns and Rodewald 2013; Massaro et al. 2013 ). In our study, litter thickness and nest height were main factors distinguishing failed from successful nests.
Flooding threatened the breeding of Marsh Grassbird at Zhalong and in Japan (Austin and Kuroda 1953; Kanai and Ueta 1994) . Marsh Grassbirds began nesting at Zhalong in May (Li and Wang 2006) , when water depth was nearly 20 cm lower than in June. Because the average nest height (the vertical distance from the upper rim of the nest to the ground) was no more than 15 cm, nests were very low in a narrow belt along rivers or ponds. In some areas high water periods can cause severe losses (Aebischer and Antoniaza 1995) .
In Japan, Marsh Grassbird faces a similar problem. Wetland reclamation and water projects exacerbate the effects of drought on wetlands, and in turn droughts decrease vegetation cover and reduce the area of suitable breeding habitats for Marsh Grassbird (Nishide 1982) . In response to droughts from 2002 to 2006, the local government irrigated Zhalong National Nature Reserve. Although irrigation projects have mitigated drought conditions in many reserves, water can have both beneficial and detrimental effects on birds Gilbert and Servello 2005; Liu et al. 2006; Mukherjee et al. 2002; Nielsen and Gates 2007; Nishide 1982 Nishide , 1994 Poiani 2006; Sanders and Maloney 2002) The timing of irrigation appears critical to successful nesting of Marsh Grassbird. We recommend avoiding large and sudden increases in water depth during the breeding period of birds nesting on or near ground level. In Zhalong National Nature Reserve, a reasonable irrigation scheme could not only reduce the fire danger for our study site, but also avoid flooding the nests of Marsh Grassbird.
Conclusions
Marsh Grassbird nests were located in marshes dominated by reeds with Carex spp. but not by cattail Typha orientalis or other emergent plants. Marsh Grassbird nests were found in reed patches around small, shallow ponds and rivers. Nests were not found in areas that had been completely mowed or burned during the previous year. More nests were found in patches with dense vegetation cover, tall undergrowth and dry, standing reed stalks, as well as along small shallow ponds or rivers. Nest success was greater when nests were constructed in patches with greater litter thickness and placed higher above ground. Reasons for failed Marsh Grassbird nests included nest predation, flooding, and trampling by cattle. Predation and flooding were the leading causes of nest failure, accounting for at least 33 and 25 %, respectively, of 24 nests lost. Nest site characteristics and nest loss of Marsh Grassbird at Zhalong National Nature Reserve… 789
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